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ABSTRACT

Objective: This randomized, double-blind, placebo-controlled, dose-ranging phase 2 study ex-
plored safety, efficacy, and biomarker effects of ELND005 (an oral amyloid anti-aggregation
agent) in mild to moderate Alzheimer disease (AD).

Methods: A total of 353 patients were randomized to ELND005 (250, 1,000, or 2,000 mg) or
placebo twice daily for 78 weeks. Coprimary endpoints were the Neuropsychological Test Bat-
tery (NTB) and Alzheimer’s Disease Cooperative Study–Activities of Daily Living (ADCS-ADL)
scale. The primary analysis compared 250 mg (n � 84) to placebo (n � 82) after an imbalance of
infections and deaths led to early discontinuation of the 2 higher dose groups.

Results: The 250 mg dose demonstrated acceptable safety. The primary efficacy analysis at 78
weeks revealed no significant differences between the treatment groups on the NTB or ADCS-
ADL. Brain ventricular volume showed a small but significant increase in the overall 250 mg group
(p � 0.049). At the 250 mg dose, scyllo-inositol concentrations increased in CSF and brain and
CSF A�x-42 was decreased significantly compared to placebo (p � 0.009).

Conclusions: Primary clinical efficacy outcomes were not significant. The safety and CSF bio-
marker results will guide selection of the optimal dose for future studies, which will target earlier
stages of AD.

Classification of evidence: Due to the small sample sizes, this Class II trial provides insufficient
evidence to support or refute a benefit of ELND005. Neurology® 2011;77:1253–1262

GLOSSARY
A� � �-amyloid; AD � Alzheimer disease; ADAS-Cog � Alzheimer’s Disease Assessment Scale–Cognitive subscale; ADCS-
ADL � Alzheimer’s Disease Cooperative Study–Activities of Daily Living; ADNI � Alzheimer’s Disease Neuroimaging Initia-
tive; AE � adverse event; CDR-SB � Clinical Dementia Rating–Sum of Boxes; ISMC � Independent Safety Monitoring
Committee; LTP � long-term potentiation; MedDRA � Medical Dictionary for Regulatory Activities; mITT � modified intent-
to-treat; MMSE � Mini-Mental State Examination; MRS � magnetic resonance spectroscopy; NINCDS-ADRDA � National
Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Asso-
ciation; NPI � Neuropsychiatric Inventory; NTB � Neuropsychological Test Battery; p-tau � phospho-tau181; PI � phosphati-
dyl-inositol; PPS � per protocol set; SAE � serious adverse event; TEAE � treatment-emergent adverse event.

Cortical deposition of amyloid plaques is one of the pathologic hallmarks of Alzheimer disease
(AD).1,2 Oligomers of A� peptides are hypothesized to exert toxic effects on neurons, initiating a
cascade of events culminating in the classic “plaque and tangle” pathology characteristic of AD.

ELND005 (scyllo-inositol) is an endogenous inositol stereoisomer,3 which is not directly
involved in phosphatidyl-inositol (PI) signaling.4,5 Although scyllo-inositol at pharmacologic
doses may alter myo-inositol levels and indirectly affect PI signaling, its main effects are
thought to be binding and inhibition of A�42 peptide aggregation and formation of A�
fibrils.5,6 In transgenic animals, scyllo-inositol reduced brain A� concentrations and plaque
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burden, preserved synaptic density, and im-
proved learning deficits.5,7 Scyllo-inositol also
appears to neutralize toxic effects of A� oli-
gomers,6 including amelioration of oligomer-
induced synaptic loss, LTP inhibition, and
memory deficits.8,9 A prior amyloid anti-
aggregation agent failed to demonstrate effi-
cacy in phase 3 trials,10 but several other
amyloid-targeted therapies are currently being
studied.11–13 ELND005 is an orally bioavail-
able small molecule, which achieves steady
state in plasma within 5 days, and at 2,000
mg twice daily has shown CNS penetration in
healthy volunteers.14 This profile makes
ELND005 an attractive candidate as a poten-
tial disease-modifying oral treatment for AD.

This study evaluated safety, efficacy, and bio-
marker effects of ELND005 across a wide dose
range. The doses of ELND005 (250, 1,000, and
2,000 mg) administered twice daily (BID) were
based on cumulative phase 1 safety/pharmacoki-
netic data. Brain imaging and CSF biomarkers
were incorporated to assess potential effects of
ELND005 on disease pathology.

METHODS This double-blind, parallel-arm, randomized,
placebo-controlled, multicenter safety and efficacy study was
conducted at 58 sites in North America between December
2007 and May 2010.

Patients. The study enrolled patients 50–85 years of age with
probable AD by National Institute of Neurological and Com-
municative Disorders and Stroke and the Alzheimer’s Disease
and Related Disorders Association (NINCDS-ADRDA) cri-
teria,15 Mini-Mental State Examination (MMSE)16 score of
16 –26, MRI scan consistent with AD and free of other patho-
logic findings, Rosen Modified Hachinski17 score �4, and no
significant neurologic, psychiatric, or medical illnesses. Medica-
tions with potential cognitive effects were not permitted, with
the exception of stable dosages of acetylcholinesterase inhibitors
or memantine.

Standard protocol approvals, registrations, and patient
consents. The study protocol (ClinicalTrials.gov number
NCT00568776) was approved by each site’s institutional review
board. Written informed consent was obtained from each pa-
tient (or legally authorized representative) and their study part-
ners or caregivers.

Study design and treatment. Patients were randomly as-
signed to 1 of 4 treatment arms: placebo or ELND005 (250,
1,000, or 2,000 mg) administered orally BID. Random assign-
ment was performed with an interactive voice response system
using a computer-generated randomization list, which ensured
that study site personnel had no knowledge of which group a
given patient would be allocated to when making the determina-
tion of that patient’s study eligibility. The randomization was
stratified by MMSE score (16–21 vs 22–26), �POE �4 carrier
status (1 or 2 alleles vs none), and use of approved AD symptom-

atic medications (yes vs no). Cognitive, functional, and MRI

assessments were performed at baseline and weeks 12 (no MRI),

24, 48, and 78. An Independent Safety Monitoring Committee

(ISMC) reviewed ongoing and final study results. Administrative

analyses were conducted after all patients had completed 24 and

48 weeks on study (see appendix e-1 for details). Based on the

48-week safety review, patients in the 1,000 and 2,000 mg

groups were withdrawn; no changes were made to study conduct

for patients in the 250 mg or placebo groups.

Safety measures. Safety assessments included adverse event

(AE) monitoring, clinical laboratory tests, and electrocardio-

grams. MRI safety assessments included fluid-attenuated inver-

sion recovery and gradient-echo MRI sequences18 performed

every 6 months in conjunction with volumetric MRI studies;

results were interpreted by site-affiliated local radiologists.

Efficacy outcome measures. The coprimary efficacy end-

points were the changes from baseline to week 78 in Neuropsy-

chological Test Battery (NTB)19 z score and Alzheimer’s Disease

Cooperative Study–Activities of Daily Living (ADCS-ADL)

score.20 Secondary clinical endpoints were the Alzheimer’s Dis-

ease Assessment Scale Cognitive Subscale (ADAS-Cog),21 Clini-

cal Dementia Rating–Sum of Boxes (CDR-SB),22,23 and

Neuropsychiatric Inventory (NPI) scores.24 A 12-item ADAS-

Cog version was used (75-point maximum score), including

“concentration/distractibility” as the 12th item. Exploratory

clinical outcomes were change from baseline to week 78 in

MMSE16 score and 3 responder analyses: proportion of patients

having either 1) �0.3-point worsening in NTB z score, 2) �6-

point worsening in ADAS-Cog score, or 3) no change or im-

provement in NTB z score or ADCS-ADL score. All efficacy

endpoints were analyzed by modified Intent-to-Treat (mITT)

population and per protocol set (PPS).

Biomarker outcome measures. The key imaging endpoint

was change from baseline to week 78 in brain ventricular vol-

ume.25,26 Whole brain volume, hippocampal volume, and corti-

cal ribbon thickness were also measured. All volumetric MRI

assessments were performed by NeuroRx Research (Montreal)

using previously described methods.27–29 All computer-generated

results were reviewed and corrected as necessary. A subset of

patients underwent magnetic resonance spectroscopy (MRS) for

assessment of scyllo-inositol and myo-inositol brain levels. Lum-

bar punctures were performed on another subset of patients at

baseline, week 24 (primary CSF biomarker endpoint), and week

78 for determination of CSF A�x-40, A�x-42, total tau,

phospho-tau181 (p-tau),30 and ELND005 concentrations.

Statistical analysis. Following the discontinuation of the

1,000 and 2,000 mg groups, the primary comparison was

amended in the statistical analysis plan to include the 250 mg

and placebo groups only. A repeated-measures model was used

to compare the change from baseline between the 250 mg and

placebo groups for all continuous efficacy and biomarker end-

points, with time included as a categorical variable; no assump-

tions or limitations were imposed on response trajectory (e.g.,

linearity). “Responder” proportions were analyzed using an exact

unconditional version of Fisher exact test. The coprimary end-

points were tested at a significance level of 0.049 due to the

administrative interim analyses performed by an independent

statistical team and reviewed by sponsor personnel not involved in

study conduct. All other statistical testing was performed at a signif-

icance level of 0.05. Analyses were carried out using SAS 9.1.3.
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Analysis populations. The safety population consisted of
351 patients who received at least one dose of study drug. The
mITT population included 341 patients who received at least
one dose of study drug and one postbaseline efficacy assessment.
The PPS included 130 mITT patients who met all inclusion/
exclusion criteria, completed the week 78 visit, and took at least
80% of assigned study drug.

Prespecified subgroup analyses. Subgroup analyses speci-
fied in the protocol included mild AD (screening/baseline
MMSE 23–26, in an attempt to define an even milder popula-
tion), moderate AD (screening/baseline MMSE 16–22), and
APOE �4 carriers and noncarriers.

Safety analysis. AEs were coded using the Medical Dictionary
for Regulatory Activities (v 13.0). Treatment-emergent AEs
(TEAEs), serious AEs (SAEs), clinical laboratory, ECG, and vital
signs data were summarized by treatment group.

Pharmacokinetic and pharmacodynamic analysis.
ELND005 concentrations in plasma and CSF were summa-
rized using descriptive statistics. Biomarkers were analyzed by
repeated-measures analysis (see appendix e-1 on the Neurol-

ogy® Web site at www.neurology.org for biomarker assay

methodology).

Sample size. As originally designed, with a sample size of 85 in

each of 4 groups (total n � 340) and a 0.050 level 2-sided t test

of the average treatment effect of all 3 ELND005 groups vs pla-

cebo, the study had �90% power to detect differences of 0.2 on

the NTB and 4.07 on the ADCS-ADL. Following discontinua-

tion of the 2 highest dose groups, the study retained approxi-

mately 80% and 70% power to detect these same differences on

the NTB and ADCS-ADL, respectively.

RESULTS Patient disposition. Figure 1 depicts
the disposition of all screened and randomized
patients.

Demographics and baseline characteristics. A total of
353 patients were enrolled and randomized and
351 received at least one dose of study drug (figure
1). Baseline measures were well-balanced across all
groups (table 1). After discontinuation of the 2

Figure 1 Patient disposition

mITT � modified intent-to-treat.
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high-dose groups, the primary analysis was based
on 166 patients (n � 84 250 mg; n � 82 placebo).

Safety. The overall incidence of TEAEs was similar
across the 4 dose groups. TEAEs were reported for
91.6% and 87.5% of patients in the placebo and 250
mg groups, respectively. The most common AEs in
the 250 mg group are shown in table 2. The safety
and tolerability profiles in APOE �4 carriers and
noncarriers were similar.

The incidence of withdrawals due to AE was higher
in the 1,000 mg (16.9%) and 2,000 mg (13.2%)
groups than in the 250 mg (10.2%) and placebo (9.6%)
groups. The incidence of SAEs was also higher in the
ELND005 groups compared with placebo (23.1, 22.5,
21.6, and 13.3%, in the 2,000 mg, 1,000 mg, 250 mg,
and placebo groups, respectively). The incidence of re-
spiratory tract infections was higher in the 1,000 mg
and 2,000 mg groups than in the placebo and 250 mg
groups, even when adjusted for duration of exposure to
account for early termination of the high dose groups.
The overall incidence of SAEs was similar in the mild
and moderate subgroups, except for serious infections
and neurologic and psychiatric SAEs, which were lower
in the mild subgroup.

At the week 48 ISMC review, more SAEs of infec-
tion were found in the 2,000 mg group compared to
other groups, and a disproportionate number of

deaths was seen in the 2 high-dose groups, with 0, 1,
5, and 4 deaths in the placebo, 250, 1,000, and
2,000 mg groups, respectively. Nine of the 10 deaths
were assessed as not related to study drug by the report-
ing investigator. The patients who died tended to be
older, and 9 of the 10 were in the moderate AD stratum
(table e-3). The sponsor electively discontinued the
1,000 and 2,000 mg groups with the concurrence of the
ISMC. The 250 mg group showed an acceptable safety
profile and was continued. No additional deaths oc-
curred in the 250 mg or placebo groups. There were no
clinically relevant changes in vital signs or laboratory
measures except for a dose-dependent decrease in uric
acid. The mild and moderate subgroups had similar
TEAE profiles, except for confusional episodes (pre-
dominantly in moderate patients).

Efficacy. Primary endpoints. In the overall mITT pop-
ulation that included patients with mild and moder-
ate AD (MMSE 16–26), the NTB z score difference
was 0.033 (95% CI �0.140, 0.205) and the ADCS-
ADL difference was �1.4 (95% CI �5.4, 2.6) (fig-
ure 2; table e-2). Neither of these differences was
significant. In the overall PPS population, treatment
differences on the NTB and the ADCS-ADL scores
were also not significant.

Secondary and exploratory clinical endpoints. In the
overall mITT population, patterns of change similar

Table 1 Patient demographics and baseline characteristics

Parametersa (safety population) Placebo (n � 83)

ELND005

250 mg BID (n � 88) 1,000 mg BID (n � 89) 2,000 mg BID (n � 91)

Age, y 73.4 (7.8) 73.4 (7.3) 73.4 (7.6) 72.2 (8.2)

Duration of AD, y 4.1 (2.4) 3.8 (2.1) 4.3 (2.5) 3.8 (2.3)

Years of education 14.1 (3.2) 13.9 (3.4) 13.8 (3.0) 14.2 (3.2)

Weight, kg 72.1 (11.6) 72.4 (15.3) 73.4 (14.9) 72.7 (15.5)

Gender, n (%) F 47 (56.6) 51 (58.0) 48 (53.9) 51 (56.0)

Race, n (%) white 81 (97.6) 85 (96.6) 86 (96.6) 87 (95.6)

AChEI/memantine use, n (%) yes 78 (94.0) 80 (90.9) 78 (87.6) 82 (90.1)

APOE �4 genotype, n (%) carrier 53 (63.9) 55 (62.5) 56 (62.9) 58 (63.7)

MMSE stratum, n (%) high (22–26) 37 (44.6) 38 (43.2) 36 (40.5) 39 (42.9)

Baseline scoresa

(mITT population, n � 82) Placebo (n � 82) No. 250 mg BID (n � 84) No. 1,000 mg BID (n � 86) No. 2,000 mg BID (n � 89)

NTB �0.047 (0.698) 84 0.067 (0.733) 86 0.013 (0.655) 88 �0.052 (0.596)

ADCS-ADL 62.8 (12.3) 84 62.9 (12.0) 86 61.7 (12.3) 88 61.4 (12.1)

ADAS-Cog (12-item) 23.6 (9.7) 79 23.1 (10.5) 85 23.5 (8.9) 87 23.6 (9.1)

CDR-SB 5.23 (2.93) 84 5.28 (2.73) 86 5.21 (2.67) 89 5.31 (2.47)

NPI Score 8.1 (8.4) 84 10.4 (12.6) 86 9.4 (9.5) 88 10.7 (11.1)

MMSE 20.5 (3.9) 84 20.5 (4.1) 86 20.3 (3.9) 86 20.4 (3.8)

Abbreviations: ADAS-Cog � Alzheimer’s Disease Assessment Scale–Cognitive Subscale; ADCS-ADL � Alzheimer’s Disease Cooperative Study–Activities
of Daily Living; CDR-SB � Clinical Dementia Rating–Sum of Boxes; MMSE � Mini-Mental State Examination; NPI � Neuropsychiatric Inventory; NTB �

Neuropsychological Test Battery.
a All data are mean (SD) unless otherwise indicated.
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to the primary outcomes were noted for CDR-SB,
NPI, ADAS-Cog, and MMSE (table e-2), none of
which achieved significance. The proportion of “re-
sponders” who did not decline on either primary
endpoint was 38% in the 250 mg and 32% in pla-
cebo groups. When the 2 high-dose groups were dis-
continued, �25% of patients in those 2 groups had
completed week 78, and clinical assessments of dis-
continuing patients were partially unblinded (inves-
tigators were aware that they were in the high-dose
groups). Observed treatment effects at the 1,000 and
2,000 mg doses were not significant in comparison
to the 250 mg dose or placebo on the primary end-
points (summary statistics of observed values are pre-
sented in appendix e-1).

Prospectively defined subgroup analyses. Demographic
characteristics for the subgroups analyzed were gen-
erally balanced (table e-1). APOE �4 carrier status
had no consistent effect on treatment outcomes. No
significant treatment differences were seen in the
moderate subgroup. As shown in table e-2, differ-
ences between 250 mg and placebo in the mITT
analysis of the mild subgroup were 0.200 on the
NTB (95% CI �0.046, 0.446; p � 0.110) and 2.3
on the ADCS-ADL (95% CI �3.4, 7.9; p � 0.426).
In the PPS analysis of the mild subgroup, treatment–
placebo difference of 0.403 (95% CI 0.111, 0.695)
on the NTB was significant (p � 0.007), but the
ADCS-ADL difference of 2.3 (95% CI �3.8, 8.3)
was not (p � 0.459). The CDR-SB treatment differ-
ences of 0.87 (95% CI �0.44, 2.19) in the mild
mITT (p � 0.189) and 0.95 (95% CI �0.50, 2.40)
in the mild PPS (p � 0.195) were not significant,

but were directionally consistent with the NTB (fig-
ure 2; table e-2). The ADAS-Cog treatment differ-
ence was not significant. Exploratory responder
analyses in the mild subgroup favored treatment over
placebo and were statistically significant in the PPS,
but not mITT analysis (see table e-2).

Imaging biomarker endpoints. In the overall mITT
population, the change from baseline in ventricular
volume was greater (3.2 mL; 95% CI 0.01, 6.4; p �

0.049) in the 250 mg group (14.1 mL; 95% CI 11.7,
16.4) compared to the placebo group (10.9 mL; 95%
CI 8.6, 13.2). Whole brain volume, hippocampal
volume, and cortical ribbon thickness treatment dif-
ferences were not significant (not shown).

CSF biomarkers. At the week 24 (primary) time
point, changes from baseline in A�40, A�42, tau, and
p-tau concentrations were not significant. The week 78
samples from 20 patients showed a significant reduction
in A�42 in the 250 mg group compared to placebo
(�191.3 pg/mL [95% CI �329.6, �53.0; p �

0.009]). The decrease in tau (�39.9, 95% CI �160.7,
80.9; p � 0.497) was not significant (figure 3).

Plasma and CSF pharmacokinetics of ELND005.

Plasma concentrations increased proportionately
with dose and reached steady state between weeks 2
and 12 (not shown). CSF concentrations at week 24
were 13.8 �g/mL (95% CI 12.3, 315.4; n � 19) in
the 250 mg group, 31.4 �g/mL (95% CI 28.5, 34.4;
n � 16) in the 1,000 mg group, and 35.1 �g/mL
(95% CI 28.7, 41.5; n � 15) in the 2,000 mg group.
MRS showed a dose-dependent increase in brain
scyllo-inositol levels (data not shown).

Table 2 Treatment-emergent adverse events with frequency >5% in pooled ELND005 group (safety population)a

Preferred term
Placebo
(n � 83)

ELND005

250 mg BID
(n � 88)

1,000 mg BID
(n � 89)

2,000 mg BID
(n � 91)

Pooled ELND005
(n � 268)

Fall 5 (6.0) 11 (12.5) 10 (11.2) 14 (15.4) 35 (13.1)

Diarrhea 6 (7.2) 9 (10.2) 8 (9.0) 12 (13.2) 29 (10.8)

Urinary tract infection 7 (8.4) 12 (13.6) 4 (4.5) 11 (12.1) 27 (10.1)

Depression 4 (4.8) 10 (11.4) 4 (4.5) 12 (13.2) 26 (9.7)

Nausea 4 (4.8) 8 (9.1) 3 (3.4) 14 (15.4) 25 (9.3)

Headache 12 (14.5) 4 (4.5) 11 (12.4) 8 (8.8) 23 (8.6)

Dizziness 7 (8.4) 4 (4.5) 6 (6.7) 11 (12.1) 21 (7.8)

Agitation 5 (6.0) 4 (4.5) 9 (10.1) 6 (6.6) 19 (7.1)

Fatigue 4 (4.8) 6 (6.8) 6 (6.7) 7 (7.7) 19 (7.1)

Vomiting 3 (3.6) 5 (5.7) 3 (3.4) 8 (8.8) 16 (6.0)

Confusional state 3 (3.6) 7 (8.0) 4 (4.5) 4 (4.4) 15 (5.6)

Upper respiratory tract infection 5 (6.0) 9 (10.2) 3 (3.4) 3 (3.3) 15 (5.6)

Insomnia 5 (6.0) 3 (3.4) 2 (2.2) 8 (8.8) 13 (4.9)

a Data are number (%) of patients with treatment-emergent adverse events, sorted by descending order of frequency in the
pooled ELND005 column; preferred terms coded using MedDRA version 13.0.
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Figure 2 Primary outcome measures: Changes from baseline

Least squares (LS) mean changes from baseline for the coprimary outcome measures (Neuropsychological Test Battery [NTB] and Alzheimer’s Disease Cooperative
Study–Activities of Daily Living [ADCS-ADL]) in overall (Mini-Mental State Examination [MMSE] 16–26) modified intent-to-treat (mITT) (A, B) and per protocol set (PPS) (C,
D) populations, and for mild Alzheimer disease (AD) subgroup (MMSE 23–26) mITT (E, F) and PPS (G, H) populations. For all panels: upward (positive) direction represents
better performance, downward direction (negative) indicates worse performance. Changes from baseline to week 78 in the ELND005 (purple) and placebo (green)
treatment groups noted on graph.
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DISCUSSION The imbalance in the number of
deaths and serious infections at the week 48 administra-
tive analysis resulted in discontinuation of the 2 highest
dose groups. The overall number and causes of death
and the nature of infections were similar to rates re-
ported in epidemiologic studies31,32 and in AD trials of
similar duration.33 The mechanistic relationship, if any,
between high doses and increase in infections remains
unclear but is under investigation. The 250 mg group
displayed an acceptable safety profile, which was not
affected by patients’ APOE �4 carrier status. There were
no reports of cerebral vasogenic edema18 at any dose, as
assessed by local site radiologists.

The differences between the 250 mg and placebo
groups (overall mITT, n � 166) were not significant
for the coprimary (NTB and ADCS-ADL) or second-
ary endpoints. In the prespecified subgroup analyses,

there were no consistent efficacy trends in the moderate
AD or APOE �4 carrier or noncarrier subgroups.

In the prespecified subgroup of mild patients who
completed the study and were compliant (PPS analy-
sis), the 250 mg dose showed a significant and clini-
cally relevant treatment effect on the NTB. The
CDR-SB treatment difference of 0.95, although not
significant, was directionally consistent with the
NTB. The rate of CDR-SB decline on placebo (2.17
points over 78 weeks) was similar to that observed in
the ADNI mild AD cohort (1.6 points over 52
weeks).34

The ADAS-Cog treatment–placebo difference
was not significant but was directionally opposite to
the NTB. The ADAS-Cog treatment–placebo differ-
ence was largely driven by minimal decline on pla-
cebo (2 points over 78 weeks), which is one-third the

Figure 3 CSF biomarker changes from baseline

Baseline values and change from baseline (CBL) to weeks 24 and 78 for CSF A�x-42 (left) and tau (right). Least squares (LS) means were compared using a
repeated-measures analysis; median values were compared using Wilcoxon rank-sum test.
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rate from the ADNI mild AD cohort (4.3 points over
52 weeks).34 The low rate of placebo worsening on
ADAS-Cog was also inconsistent with the rates of
placebo worsening on the NTB, CDR-SB, and
ADCS-ADL in this study.

The NTB was chosen as the study’s primary cog-
nitive outcome measure because of its greater sensi-
tivity in patients with mild AD.19,35 The ADAS-Cog
is most sensitive to change in patients with moderate
disease.36,37 Since the NTB captures changes in de-
layed memory and executive function which are not
well-covered by the ADAS-Cog, our findings sup-
port the choice of the NTB for studies in mild AD.

There is a growing consensus that amyloid-
targeted agents may provide more meaningful bene-
fit when introduced at early stages of the disease.38

The positive cognitive trends in compliant mild pa-
tients are consistent with the preclinical effects of
ELND005. In TgCRND8 mice, scyllo-inositol
showed a more robust reduction of plaque accumula-
tion when treatment was started at an earlier age.7

In patients with mild to moderate disease, the
ventricular volume increase was significantly larger in
the 250 mg group but was of small magnitude. In the
mild group, the increase in ventricular volume was
smaller and not significantly different from placebo.
Although counterintuitive, similar findings were ob-
served with other amyloid-targeted therapies.39,40

The observed ventricular enlargement could be due
to inositol-related osmotic effects, to blockage of the
arachnoid villi during the process of amyloid clear-
ance, or could reflect “ex vacuo“ changes due to am-
yloid clearance leading to a decrease in brain volume.

The 250 mg dose achieved CSF concentrations
similar to those associated with improved learning in
animal models.7 This dose also demonstrated a sig-
nificant reduction of CSF A�42 at 78 weeks, which
may reflect a gradual reduction of brain amyloid pa-
thology consistent with findings in transgenic ani-
mals.5,7 In contrast to the CSF A�42 decline that is
associated with greater plaque burden during the
early stages of AD, the anti-aggregation effects of
ELND005 are thought to result in clearance of solu-
ble A� peptides and in decreased brain amyloid bur-
den. The decrease in amyloid burden may be
reflected in lower CSF A�42 levels, and possibly in
larger ventricular volume at week 78.

The study’s limitations include the decreased
power to test the coprimary endpoints due to discon-
tinuation of 2 dose groups and the small sample size
of the prespecified subgroups and the CSF substudy.
There were no statistical corrections for the multiple
analyses.

Despite the limitations, and the fact that the study
did not achieve its primary objective, these results will

inform the design of future studies. The safety findings
at the highest doses helped define the AEs to be care-
fully monitored in future studies. The 250 mg dose
demonstrated acceptable safety and tolerability, CNS
penetration, and target engagement (A�42 reduc-
tion), and showed potential cognitive benefit in pa-
tients with mild disease. These results will help
optimize the dose range and choice of biomarkers,
and will aid the selection of the appropriate patient
population. Our findings support the concept that
amyloid-targeted therapies may have their greatest
benefit in patients at earlier stages of AD.

AUTHOR CONTRIBUTIONS
Dr. Salloway: drafting/revising the manuscript, study concept or design,

analysis or interpretation of data, acquisition of data, study supervision.

Dr. Sperling: drafting/revising the manuscript, analysis or interpretation

of data, acquisition of data. Dr. Keren: drafting/revising the manuscript,

analysis or interpretation of data, acquisition of data, study supervision.

Dr. Porsteinsson: drafting/revising the manuscript, analysis or interpreta-

tion of data, acquisition of data, study supervision. Dr. van Dyck: draft-

ing/revising the manuscript, analysis or interpretation of data, acquisition

of data, study supervision. Dr. Tariot: drafting/revising the manuscript,

analysis or interpretation of data, acquisition of data. Dr. Gilman: draft-

ing/revising the manuscript, acquisition of data, study supervision. Dr.

Arnold: drafting/revising the manuscript, analysis or interpretation of

data, acquisition of data. Dr. Abushakra: drafting/revising the manuscript,

analysis or interpretation of data, statistical analysis, study supervision.

Dr. Hernandez: study concept or design, analysis or interpretation of data

acquisition of data, statistical analysis. Dr. Crans: drafting/revising the

manuscript, study concept or design, analysis or interpretation of data,

statistical analysis. Dr. Liang: drafting/revising the manuscript, study con-

cept or design, analysis or interpretation of data. Dr. Quinn: drafting/

revising the manuscript, analysis or interpretation of data. Dr. Bairu:

drafting/revising the manuscript, analysis or interpretation of data, study

supervision, obtaining funding. Dr. Pastrak: drafting/revising the manu-

script, study concept or design, analysis or interpretation of data, statisti-

cal analysis, study supervision. Dr. Cedarbaum: drafting/revising the

manuscript, study concept or design, analysis or interpretation of data,

study supervision.

ACKNOWLEDGMENT
The authors thank the investigators and their coworkers at the 58 partici-

pating study centers (listed in appendix e-2), as well as the patients and

families who participated in the study. Stephanie Moore, MS, Susan Stro-

bel, PhD, and Kimberly Jochman, PhD, coordinated the development of

the manuscript. The authors also thank Drs. Tony Cruz, Dale Schenk,

and Eliseo Salinas for their review of and contributions to the manuscript.

DISCLOSURE
Dr. Salloway serves on the scientific advisory boards of Elan Corporation,

sanofi-aventis, Pfizer Inc, and Bristol-Myers Squibb; served on the scien-

tific advisory for Eisai Inc.; serves as Associate Editor for Journal of Neuro-

psychiatry and Clinical Neurosciences; receives publishing royalties for The

Frontal Lobes and Neuropsychiatric Illness (American Psychiatric Press Inc.,

2001), The Neuropsychiatry of Limbic and Subcortical Disorders (American

Psychiatric Press Inc., 1997), and Vascular Dementia (Humana Press,

2004); receives honoraria from Eisai Inc., Pfizer Inc, Novartis, Forest

Laboratories, Inc., Elan Corporation, and Athena Diagnostics, Inc.; holds

corporate appointments with Merck Serono and Medivation, Inc.; re-

ceives research support from Elan Corporation, Janssen Alzheimer’s Immu-

notherapy, Bayer Schering Pharma, Wyeth, Bristol-Myers Squibb, Pfizer Inc,

and Eisai Inc.; received research support from Myriad Genetics, Inc., Glaxo-

SmithKline, Neurochem-Alzhemed, Cephalon, Inc., Forest Laboratories Inc.,

and Voyager; and receives research support from the NIH/NIA, the Norman

and Rosalie Fain Family Foundation, the Champlin Foundation, and the

1260 Neurology 77 September 27, 2011



John and Happy White Foundation. Dr. Sperling received a speaker hono-

rarium from Pfizer Inc.; serves on the editorial board of Alzheimer’s disease

and Associated Disorders; has served as a consultant for Elan Corporation,

Wyeth, Janssen, Pfizer Inc, Avid Radiopharmaceuticals, Inc., Bayer Scher-

ing Pharma, and Bristol-Myers Squibb; has received research support

from Elan Corporation, Janssen, and Bristol-Myers Squibb, NIH/NIA,

Alzheimer’s Association, American Health Assistance Foundation, and an

Anonymous Foundation; and her husband has served as a consultant for

Bristol-Myers Squibb and Janssen, and receives research support from

Pfizer Inc, Janssen, and Avid Radiopharmaceuticals, Inc. Dr. Keren serves

on scientific advisory boards for Pfizer Inc, Janssen, Wyeth, and Novartis;

has received funding for travel or speaker honoraria from Pfizer Inc, Jans-

sen, and Novartis; and serves as a consultant for Elan Corporation. Dr.

Porsteinsson serves on scientific advisory boards for Elan Corporation,

Janssen AI, Medivation, Inc., Pfizer Inc, Toyama Chemical Co., Ltd., and

Transition Therapeutics Inc.; serves on the speakers’ bureau for Forest

Laboratories, Inc.; receives research support from Baxter International

Inc., Bristol-Myers Squibb, Elan Corporation, Janssen AI, Medivation,

Inc., Pfizer Inc, and Toyama Chemical Co., Ltd.; received research sup-

port from Eisai Inc., Eli Lilly and Company, Forest Laboratories, Inc.,

Janssen, GlaxoSmithKline, Merck Serono, Mitsubishi Tanabe Pharma

Corporation, Myriad Genetics, Inc., Neurochem Inc, Ono Pharmaceuti-

cal Co. Ltd., and Wyeth; and receives research support from the NIH

(NIA, NIMH). Dr. van Dyck has served on scientific advisory boards for

Elan Corporation, Pfizer Inc, GlaxoSmithKline, Bristol-Myers Squibb,

and Forest Laboratories, Inc.; has received funding for travel and speaker

honoraria from Forest Laboratories, Inc.; his spouse owns or has applied

for patents re: Use of guanfacine in the treatment of behavioral disorders,

Use of lofexidine in the treatment of behavioral disorders, Chelerythrine,

analogs thereof and their use in the treatment of bipolar disorder and

other cognitive disorders (formerly licensed to Marinus Pharmaceuticals,

Inc.); his spouse receives publishing royalties for The Neuropharmacology

of Stimulant Drugs: Implications for AD/HD (Oxford University Press,

2000); serves as a consultant for Elan Corporation, Pfizer Inc, Glaxo-

SmithKline, Bristol-Myers Squibb, Forest Laboratories, Inc., and Merck

Serono, and his spouse serves as a consultant for Shire plc; served on the

speakers’ bureau for Forest Laboratories, Inc.; receives/has received re-

search support from Wyeth, Eli Lilly and Company, Pfizer Inc, Bristol-

Myers Squibb, Medivation, Inc., Bayer Schering Pharma, Abbott, Elan

Corporation, GlaxoSmithKline, Myriad Genetics, Inc., Neurochem Inc,

Sanofi-Synthelabo Research, Janssen, Eisai Inc., Merck Serono, Mitsubi-

shi Tanabe Pharma Corporation, the NIH (NIA, NIMH), Alzheimer’s

Association, American Health Assistance Foundation, and the National

Alliance for Research on Schizophrenia and Affective Disorders

(NARSAD); his spouse receives research support from Shire plc, the NIH

(NIA, NINDS), the Kavli Neuroscience Institute at Yale, and NARSAD;

and his spouse has received license fee payments and receives royalties

from Shire plc for a patent re: Use of guanfacine in the treatment of

behavioral disorders. Dr. Tariot serves/served on scientific advisory boards

for ACADIA Pharmaceuticals, AC Immune SA, Allergan, Inc., Eisai Inc.,

Genentech, Inc., Novartis, sanofi-aventis, Schering-Plough Corp., Ab-

bott, AstraZeneca, Bristol-Myers Squibb, Elan Corporation, GlaxoSmith-

Kline, Eli Lilly and Company, Medivation, Inc., Merck Serono, Pfizer

Inc, and Wyeth; has received funding for travel from Elan Corporation;

serves on the editorial boards of CNS Spectrums, Expert Opinion on Inves-

tigational Drugs, and International Journal of Geriatric Psychiatry F1000

(Faculty of 1000); is author on a patent re: Biomarkers of Neurodegenera-

tive disease; has received speaker honoraria from Banner Health; serves as

a consultant for Adamas Pharmaceuticals, Avid Radiopharmaceuticals,

Inc., Baxter International Inc., EPIX Pharmaceuticals Inc, Forest Labora-

tories, Inc., MedAvante, Inc., Myriad Genetics, Inc., Roche, Transition

Therapeutics Inc., Worldwide Clinical Trials, ACADIA Pharmaceuticals,

AC Immune SA, Allergan, Inc., Eisai Inc., Genentech, Inc., Novartis,

sanofi-aventis, Schering-Plough Corp., Abbott, AstraZeneca, Bristol My-

ers Squibb, Elan Corporation, GlaxoSmithKline, Eli Lilly and Company,

Medivation, Inc., Merck Serono, Pfizer Inc, and Wyeth; receives research

support from Baxter International Inc., Johnson & Johnson, Takeda

Pharmaceutical Company Limited, Abbott, AstraZeneca, Avid Radio-

pharmaceuticals, Inc., Bristol-Myers Squibb, Elan Corporation, Glaxo-

SmithKline, Janssen, Eli Lilly and Company, Medivation, Inc., Merck

Serono, Pfizer Inc, Toyama Chemical, Co., Ltd., Wyeth, the Alzheimer’s

Association, and the Arizona Department of Health; and holds stock op-

tions in MedAvante, Inc. and Adamas Pharmaceuticals. Dr. Gilman

serves on scientific advisory boards for Elan Corporation, Janssen AI,

Pfizer Inc, Allergan, Inc., and Teva Pharmaceutical Industries Ltd.; has

received funding for travel from GlaxoSmithKline; serves as Editor-in-

Chief of and receives publishing royalties for Contemporary Neurology Se-

ries (Oxford University Press, 1982–present), MedLink Neurology

(MedLink Corporation, 1992–present), and Experimental Neurology

(Elsevier, 2003–present); and receives research support from GE Health-

care and the NIH/NINDS. Dr. Arnold serves on scientific advisory

boards for Biogen Idec, Genentech, Inc., Roche, and Teva Pharmaceutical

Industries Ltd.; has received speaker honoraria from Biogen Idec, Bayer

Schering Pharma, CD-Pharma Interactive Medical Production, Genentech,

Inc., EMD Serono, Inc., MS Forum, Sanofi-Aventis, GlaxoSmithKline,

Merck Serono, and Teva Pharmaceutical Industries Ltd.; holds a patent re:

Method of evaluating the efficacy of drug on brain nerve cells; has served as

a consultant for Bayer Schering Pharma, Eisai Inc., Biogen Idec, NeuroRx

Research Inc., Elan Corporation, Genentech, Inc., Genzyme Corpora-

tion, Eli Lilly and Company, GlaxoSmithKline, and Roche; has received

research support from Biogen Idec, Bayer Schering Pharma, the Canadian

Institutes of Health Research, and the Multiple Sclerosis Society of Can-

ada; and holds stock in NeuroRx Research Inc. Dr. Abushakra is an em-

ployee of and holds stock and stock options in Elan Corporation; and was

an employee of and held stock in Allergan, Inc. (2006–2099). Dr. Her-

nandez is an employee of and holds stock and stock options in Elan

Corporation. Dr. Crans is an employee of and holds stock and stock

options in Elan Corporation. Dr. Liang is an employee of and holds stock

and stock options in Elan Corporation. Dr. Quinn is an employee of and

holds stock and stock options in Elan Corporation. Dr. Bairu is an em-

ployee of and holds stock and stock options in Elan Corporation. Dr.

Pastrak is an employee of Transition Therapeutics Inc. Dr. Cedarbaum

was an employee of and held stock and stock options in Elan Corporation

at the time of manuscript preparation.

Received January 11, 2011. Accepted in final form May 25, 2011.

REFERENCES
1. Hardy J, Duff K, Hardy KG, Perez-Tur J, Hutton M.

Genetic dissection of Alzheimer’s disease and related de-
mentias: amyloid and its relationship to tau. Nat Neurosci
1998;1:355–358.

2. Gandy S. The role of cerebral amyloid � accumulation in
common forms of Alzheimer disease. J Clin Invest 2005;
115:1121–1129.

3. Kaiser LG, Schuff N, Cashdollar N, Weiner MW. Scyllo-
inositol in normal aging human brain: 1H magnetic reso-
nance spectroscopy study at 4 Tesla. NMR Biomend
2005;18:51–55.

4. Takenawa T, Egawa K. CDP-diglyceride:inositol trans-
ferase from rat liver. Purification and properties J Biol
Chem 1977;252:5419–5423.

5. Fenili D, Brown M, Rappaport R, McLaurin J. Properties
of scyllo-inositol as a therapeutic treatment of AD-like pa-
thology. J Mol Med 2007;85:603–611.

6. McLaurin J, Golomb R, Jurewicz A, Antel PJ, Fraser PE.
Inositol stereoisomers stabilize an oligomeric aggregate of
Alzheimer amyloid � peptide and inhibit A�-induced tox-
icity. J Biol Chem 2000;275:18495–18502.

7. McLaurin J, Kierstead ME, Brown ME, et al. Cyclo-
hexanehexol inhibitors of A� aggregation prevent and re-
verse Alzheimer phenotype in a mouse model. Nat Med
2006;12:801–808.

8. Shankar GM, Bloodgood BL, Townsend M, Walsh DM,
Selkoe DJ, Sabatini BL. Natural oligomers of the Alzhei-
mer amyloid-� protein induce reversible synapse loss by

Neurology 77 September 27, 2011 1261



modulating an NMDA-type glutamate receptor-
dependent signaling pathway. J Neurosci 2007;27:2866–
2875.

9. Townsend M, Cleary JP, Mehta T, et al. Orally available
compound prevents deficits in memory caused by the Alz-
heimer amyloid-� oligomers. Ann Neurol 2006;60:668–
676.

10. Gauthier S, Aisen PS, Ferris SH, et al. Effect of tramipro-
sate in patients with mild-to-moderate Alzheimer’s disease:
exploratory analyses of the MRI sub-group of the Alphase
study. J Nutr Health Aging 2010;13:550–557.

11. Lannfelt L, Blennow K, Zetterberg H, et al. Safety, effi-
cacy, and biomarker findings of PBT2 in targeting A� as a
modifying therapy for Alzheimer’s disease: a phase IIa,
double-blind, randomised, placebo-controlled trial. Lancet
Neurol 2008;7:779–786.

12. Querfuth HW, LaFerla FM. Alzheimer’s disease. N Engl
J Med 2010;362:329–344.

13. Frisardi V, Solfrizzi V, Imbimbo BP, et al. Towards
disease-modifying treatment of Alzheimer’s disease: drugs
targeting �-Amyloid. Curr Alzheimer Res 2010;7:40–55.

14. Garzone P, Koller M, Pastrak A, et al. Oral amyloid anti-
aggregating agent ELND005 is measurable in CSF and
brain of healthy adult men. Alzheimers Dement 2009;5(4
suppl):P323. Abstract.

15. McKhann G, Drachman D, Folstein M, Katzman R, Price
D, Stadlan EM. Clinical diagnosis of Alzheimer’s disease:
report of the NINCDS-ADRDA Work Group under the
auspices of Department of Health and Human Services
Task Force on Alzheimer’s Disease. Neurology 1984;34:
939–944.

16. Folstein MF, Folstein SE, McHugh PR. “Mini-mental
state”: a practical method for grading the cognitive state of
patients for the clinician. J Psychiatr Res 1975;12:189–
198.

17. Rosen WG, Terry RD, Fuld PA, Katzman R, Peck A.
Pathological verification of ischemic score in differentia-
tion of dementias. Ann Neurol 1980;7:486–488.

18. Salloway S, Sperling R, Gilman S, et al. A phase 2 multiple
ascending dose trial of bapineuzumab in mild to moderate
Alzheimer disease. Neurology 2009;73:2061–2070.

19. Harrison J, Minassian SM, Jenkins L, Black RS, Koller M,
Grundman M. The NTB: A neuropsychological test bat-
tery for use in Alzheimer’s Disease Clinical Trials. Arch
Neurol 2007;64:1323–1329.

20. Galasko D, Bennett D, Sano M, et al, for the Alzheimer’s
Disease Cooperative Study. An inventory to assess activi-
ties of daily living clinical trials in Alzheimer’s disease. Alz
Dis Assoc Disord 1997;11(suppl 2):S33–S39.

21. Rosen WG, Mohs RC, Davis KL. A new rating scale for
Alzheimer’s disease. Am J Psychiatry 1984;141:1356 –
1364.

22. Hughes CP, Berg L, Danziger WL, Coben LA, Martin RL.
A new clinical scale for the staging of dementia. Brit J Psy-
chiatry 1982;140:566–572.

23. Morris JC. The Clinical Dementia Rating (CDR): current
version and scoring rules. Neurology 1993;43:2412–2414.

24. Cummings JL, Mega M, Gray K, Rosenberg-Thompson S,
Carusi DA, Gornbein J. The Neuropsychiatric Inventory:

comprehensive assessment of psychopathology in demen-
tia. Neurology 1994;44:2308–2314.

25. Fox NC, Cousens S, Scahill R, Harvey RJ, Rossor MN.
Using serial registered brain magnetic resonance imaging
to measure disease progression in Alzheimer disease. Arch
Neurol 2000;57:339–344.

26. Smith SM, Rao A, DeStefano N, et al. Longitudinal and
cross-sectional analysis of atrophy in Alzheimer’s disease:
cross-validation of BSI, SIENS and SIENAX. Neuroimage
2007;36:1200–1206.

27. Smith SM, Zhang Y, Jenkinson M, et al. Accurate, robust,
and automated longitudinal and cross-sectional brain
change analysis. Neuroimage 2002;17:479–489.

28. Collins DL, Pruessner JC. Towards accurate, automatic
segmentation of the hippocampus and amygdala from
MRI by augmenting ANIMAL with a template library and
label fusion. Neuroimage 2010;52:1355–1366.

29. Chen JT, Narayanan S, Collins DL, Smith SM, Matthews
PM, Arnold DL. Relating neocortical pathology to disabil-
ity progression in multiple sclerosis using MRI. Neuroim-
age 2004;23:1168–1175.

30. Galasko D, Chang L, Motter R, et al. High cerebrospinal
fluid tau and low amyloid beta42 levels in the clinical diag-
nosis of Alzheimer disease and relation to apolipoprotein E
genotype. Arch Neurol 1998;55:937–945.

31. Ganguli M, Dodge HH, Shen C, Pandav RS, DeKosky
ST. Alzheimer disease and mortality: a 15-year epidemio-
logical study. Arch Neurol 2005;62:779–784.

32. Brunnstrom HR, Englund EM. Causes of death in pa-
tients with dementia disorders. Eur J Neurol 2009;16:
488–492.

33. Feldman HH, Doody RS, Kivipelto M, et al. Randomized
controlled trial of atorvastatin in mild to moderate Alzhei-
mer disease: LEADe. Neurology 2010;74:956–964.

34. Petersen RC, Aisen PS, Beckett LA, et al. Alzheimer’s Dis-
ease Neuroimaging Initiative (ADNI): clinical character-
ization. Neurology 2010;74:201–209.

35. Gilman S, Koller M, Black RS, et al. Clinical effects of
Abeta immunization (AN1792) in patients with AD in an
interrupted trial. Neurology 2005;64:1553–1562.

36. Doraiswamy PM, Kaiser L, Bieber F, Garman RL. The
Alzheimer’s Disease Assessment Scale: evaluation of psy-
chometric properties and patterns of cognitive decline in
multicenter clinical trials of mild to moderate Alzheimer’s
disease. Alzheimer Dis Assoc Disord 2001;15:174–183.

37. Benge JF, Balsis S, Geraci L, Massman PJ, Doody RS.
How well do the ADAS-cog and its subscales measure cog-
nitive dysfunction in Alzheimer’s disease? Dement Geriatr
Cogn Disord 2009;28:63–69.

38. Aisen PS. Alzheimer’s disease therapeutic research: the
path forward. Alzheimers Res Ther 2009;1:2.

39. Fox NC, Black RS, Gilman S, et al. Effects of Abeta
immunization (AN1792) on MRI measures of cerebral
volume in Alzheimer disease. Neurology 2005;10:
1563–1572.

40. Rinne JO, Brooks DJ, Rossor MN, et al. 11C-PiB PET
assessment of change in fibrillar amyloid-beta load in pa-
tients with Alzheimer’s disease treated with bapineuzumab:
a phase 2, double-blind, placebo-controlled, ascending-
dose study. Lancet Neurol 2010;9:363–372.

1262 Neurology 77 September 27, 2011


